examined data from a community based stroke register Objective-To determine whether diurnal varia-in which the type of stroke was determined in 90% of tion occurs in the onset of stroke.
Design-Community based study over four years. Setting-Oxfordshire, United Kingdom. Subjects-105 000 people, of whom 675 had a first Patients and methods ever stroke. 545 had a cerebral infarction, 66 had
The Oxfordshire community stroke project is a primary intracerebral haemorrhage, 33 had sub-prospective, community based study of first ever arachnoid haemorrhage, and in 31 the type of stroke stroke in a defined population of about 105 000 people was not known.
in Oxfordshire. Definitions of type of stroke and Main outcome measures-Time of stroke and details of the methods used in the project are given degree of activity at onset. elsewhere.910 Six hundred and seventy five cases of Results-In the 578 patients for whom it was clinically definite first ever stroke were registered over known whether onset occurred while asleep or four years. Complete case ascertainment was obtained awake, the proportion with onset during sleep was through the collaboration of general practitioners and 25% (135/545) for cerebral infarction, 17% (11/66) for examination of hospital admission registers, the primary intracerebral haemorrhage, and 0% (0/33) Oxford record linkage system, and death certificates. for subarachnoid haemorrhage. This difference per-Most patients (614) were seen by a neurologist in the sisted if patients in whom it was not known whether study at a median time of four days after the onset of they were asleep or awake at onset were classed as symptoms, and a witness was interviewed when no asleep. For all stroke types together there was a history was available from the patient. significant (X2=218x7, p<0-001) diurnal variation In all, 574 had computed tomography or a postwith a morning peak between 0800 and 1000, which mortem examination. In the remaining patients the persisted even after allowing for strokes first noted type of stroke was determined with the Guy's Hospital on waking by redistributing the hour of onset through diagnostic score."I Stroke type was classified as cerebral the preceding eight hours (x2=47, p<0001). infarction, primary intracerebral haemorrahge, or sub-A significant diurnal variation was also found in arachnoid haemorrahge (all cases of subarachnoid the onset of cerebral infarction (peak 0800-1000, haemorrhage were included in the study).'°Cerebral x2=208-4, p<O001). Fewer recorded accurately in retrospective studies.' to examine data for subarachnoid haemorrhage and Professor Warlow.
To investigate the possibility that strokes occur primary intracerebral haemorrhage. Details of more often at certain times of the day and that different whether the patient was at rest or active when the BMJ 192; types of stroke have different circadian variation we stroke occurred were also recorded, as was ahistory of hypertension (blood pressure recorded as > 160/90 mm Hg on at least two occasions before the stroke) or atrial fibrillation. Confidence intervals for proportions were calculated by the standard method. 14 Results The type of stroke was known in 644 cases (table I) . In 578 of these patients it was known whether the stroke had occurred during sleep or when awake. The proportion of strokes occurring while asleep was highest for patients with cerebral infarction and lowest for subarachnoid haemorrhage (table I) . Some patients did not know whether onset of stroke had occurred while awake or asleep. If onset was assumed to have occurred during sleep in all these patients (a very conservative assumption) the differences between the different types of stroke in the proportion occurring while asleep persisted but were less striking: cerebral infarction 34%, primary intracerebral haemorrhage 27%, subarachnoid haemorrhage 21%, not known 64%, all strokes 34%.
The time of onset of stroke (or waking with stroke) was known in 554 patients. There was a clear and significant diurnal variation in stroke incidence (x2= 218, df=1l; p<0 001). When strokes with onset during sleep were redistributed through the preceding eight hours the variation was still significant (x2=47, df=11; p<0 001). Table II shows the time of onset of stroke and whether the patient was awake when symptoms were first noted or asleep. When all stroke types were considered together, in patients who were awake onset occurred most often during the six hour interval from 0600 to 1200. Since most strokes were due to cerebral infarction it was not surprising that we observed a similar peak between 0600 and 1200 for cerebral infarction, but there also seemed to be a second smaller peak for cerebral infarction between 1400 and 1600.
The morning peak incidence was rather less obvious for primary intracerebral haemorrhage and the value of was nonsignificant. All 26 cases of subarachnoid haemorrhage with known time of onset occurred in patients who were awake and there seemed to be two peaks, the first between 0800 and 1000 and the second between 1800 and 2000. Analysis using exact rather than grouped times gave a Kolmogorov-Smirnov type statistic of 1-70 (p=007). There were no significant differences in circadian rhythms in differen't subtypes of infarction (total anterior circulation, partial anterior circulation, lacunar, or posterior circulation; X2=25 7) in patients with and without hypertension (x2= 10-67), or in patients with and without atrial fibrillation (x2= 10-42). Activity at the time of onset of stroke was known in 565 patients (table III) . Subarachnoid haemorrhage occurred significantly (p<005) more often than other types of stroke during strenuous activity. 
Discussion
We found clear evidence of diurnal variation in onset of stroke. Cerebral infarction when awake occurred most often in the morning from 0600 to 1200. The proportion of time patients spend asleep and the amount of sleep during the daytime are difficult to measure exactly. None the less, even if the presumed hour of onset was redistributed over the preceding eight hours to minimise diurnal variation, the variation was still significant. A similar pattern emerged for primary intracerebral haemorrhage and subarachnoid haemorrhage, with most cases occurring after waking in the morning but with a slightly later peak, although fewer cases were available for study. A second but much smaller peak in incidence occurred for cerebral infarction, primary intracerebral haemorrhage, and subarachnoid haemorrhage but was more striking for subarachnoid haemorrhage. A second peak in subarachnoid haemorrhage has been reported in another series.3
Two early studies of diurnal variation in stroke suggested that stroke was most common during the night.'2 One study, a retrospective analysis of data on 554 cases of cerebral infarction from an undefined population referred to a tertiary referral centre, suggested that 40% of cerebral infarctions occurred between midnight and 6 am.' The second, a hospital based register, suggested that a greater proportion of thrombotic than embolic strokes occurred during sleep.2
Although it can be difficult to differentiate thrombotic and embolic cerebral infarction,'5 other studies have provided contradictory evidence, suggesting, as does our study, that ischaemic stroke occurs most often after waking in the morning.38 16 
